Vapor-liquid equilibria (VLE) data for the carbon dioxide + methanol system was measured at 293.15, 298.15, 310.15, and 323.15 K. Phase behavior measurements were made in a high-pressure visual cell with variable volume, based on the static-analytic method. The pressure range under investigation was between 4.8 and 95.1 bar. The Soave-Redlich-Kwong (SRK)-EOS coupled with Huron-Vidal (HV) mixing rules and a reduced UNIQUAC model, was used in a semi-predictive approach, in order to represent the phase behavior (critical curve, isothermal VLE) of the system. The topology of the phase behavior of the carbon dioxide + methanol system is satisfactory predicted with the SRK/HV-residual UNIQUAC model.
Introduction
Interest in supercritical fluids is increasing throughout numerous scientific and technological fields. A more efficient use of supercritical fluids as media for separations, reactions and material productions requires quantitative prediction of phase equilibria, thermodynamic, and transport properties of supercritical fluid mixtures. Previous works [1, 2] have suggested that it is a very difficult and challenging task for equations of state to simultaneously predict the equilibrium properties without preliminary use of experimental data, and to yield accurate results in both the sub-critical and critical regions. The authors have recently undertaken a series of experimental studies of the phase equilibria of binary mixtures composed of carbon dioxide and alcohols [3] [4] [5] [6] [7] [8] [9] [10] . A semi-predictive approach for calculating phase equilibria based on minimum experimental data is presented. The Soave-Redlich-Kwong (SRK) cubic equation of state coupled with a G E -EOS mixing rule was used to model the complex phase behavior of carbon dioxide and alcohols series [3, 12] . The Huron-Vidal (HV) mixing rules coupled with the reduced UNIQUAC excess Gibbs energy model [14, 15] was chosen. In this study we show the results obtained for the carbon dioxide + methanol binary system, which exhibits type I fluid phase behavior, according to the classification of van Konynenburg and Scott [16] . The carbon dioxide + methanol system, besides its practical importance, is useful for the present study because it offers a severe test for thermodynamic models due to the complex chemical nature of methanol mixtures.
Experimental Procedures

Materials
Carbon dioxide (mass fraction purity > 0.997) was provided by Linde Gaz Romania, and methanol (mass fraction purity > 0.998) was a Fluka product. The chemicals were used as supplied.
Apparatus and Procedure
A detailed description of the experimental apparatus was presented in our previous publications [4, 6] . The experimental apparatus and techniques used in this work are the same as those outlined in previous papers [4] [5] [6] . Our experimental data were measured in a highpressure apparatus (NWA GmbH, Lörrach, Germany). The main part of the equipment is a visual cell with two sapphire windows and variable volume. The experimental
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Phase equilibria experiments and calculations for carbon dioxide + methanol binary system method used is a static-analytical method with liquid and vapor sampling. The procedure is the same as in our previous papers [3] [4] [5] [6] 12, 17] . The entire internal loop of the apparatus including the equilibrium cell was rinsed several times with carbon dioxide. Then, the equilibrium cell was evacuated with a vacuum pump. The cell was charged with alcohol; then, it was slightly pressurized with carbon dioxide to the experimental pressure and was heated to the experimental temperature. To facilitate the approach to an equilibrium state, the mixture in the cell was stirred for a few hours. Then the stirrer was switched off and about 1 h was allowed to pass until the coexisting phases were completely separated. Samples of the liquid and vapor phase were collected by depressurization and expansion into glass traps, by using manually operated valves. The valves were operated in such a way as to keep almost constant the pressure in the visual cell. The total amount of the organic substance in the glass trap was about 0.05 and 0.2 g for the vapor phase and liquid phase, respectively. The amount of carbon dioxide in each phase was obtained by expansion in a glass bottle of calibrated volume. In a typical experiment the measured volumes of carbon dioxide were about 100 cm 3 from the vapor phase and 50 cm 3 from the liquid phase. The liquid samples of both phases were weighed with a precision balance (A&D Instruments Ltd, type HM-200, Tokyo, Japan) with an accuracy of ± 0.0001 g.
Modeling
The phase behavior (critical curve, and isothermal VLE) of the carbon dioxide + methanol binary system was modeled using the Soave-Redlich-Kwong (SRK) equation of state (EOS) coupled with Huron-Vidal (HV)-residual UNIQUAC mixing rules [14, 15] . This model was chosen based on previous results with mixtures containing hydrogen bonding compounds (Tables 2, 4, in [15] ). The Soave-Redlich-Kwong equation of state is [11] :
The Huron and Vidal mixing rules for the SRK EOS are given by:
where is the activity coefficient of the component in the mixture at infinite pressure. The HV mixing rule is based on a reduced UNIQUAC model suitable for infinite pressure conditions [14, 15] . The model is reduced to its residual part only:
The interaction parameters are considered to be temperature dependent [14, 15] : (7) 3. Results and Discussion Figure 1 . Pressure-composition data for the carbon dioxide + methanol system at 298.15 K, comparing the experimental results: (♦), this work; (▲), Katayama et al., 1975 [28] ; (▲), Ohgaki and Katayama, 1976 [29] ; (•), Weber et al., 1984 [22] ; (♦), Chang and Rousseau, 1985 [23] ; (■), Brunner et al., 1987 [19] ; (•), Hong and Kobayashi, 1988 [20] ; (■), Chang et al., 1997 [26] ; (▲), Bezanehtak et al., 2002 [24] .
The phase behavior of the mixture of carbon dioxide + methanol can be attributed to type I, according to the classification of van Konynenburg and Scott [16] .
In the P-T diagram [18] [4] [5] [6] . The calculations were made using the software package PHEQ, developed in our laboratory [21] . At these temperatures, near the critical point of carbon dioxide, the calculation leads to a false liquid-liquid splitting (a maximum and a minimum in the bubble-point curves, indicating the instability of liquid phase). It is a known problem in correlating such systems and this behavior can be observed with other models too (different equation of state coupled with classical and G E mixing rules). By restricting the interaction parameters in the optimization routine to avoid the false liquid-liquid splitting, the correlation is less accurate (Fig. 2) , but it is in agreement with the experimental observed behavior. 
Phase equilibria experiments and calculations for carbon dioxide + methanol binary system
The optimum values of the HV -residual UNIQUAC parameters [14, 15] (u 12 and u 21 ) as well as the values of average absolute deviations in bubble-point pressures (AADP%) and the average absolute deviations in the vapor-phase compositions (AADY%) are given in Table 2 . The AADP and AADY are calculated from the following equations:
These values of the HV -residual UNIQUAC parameters (u 12 and u 21 ) were used to obtain a linear dependence with the inverse of the temperature (eq. 7). The linear equations for the temperature dependence of the reduced UNIQUAC parameters (u 12 and u 21 ) are:
The HV -residual UNIQUAC parameters (u 12 and u 21 ) were plotted against the inverse of the temperature in Fig. 3 . The linear correlation obtained with our data was used to predict the HV -residual UNIQUAC parameter values for all available published data (74 data sets, 785 experimental points). In Fig. 4 , the tick, solid lines correspond to the correlation of the experimental data measured by the authors, and the thin lines are the predictions for other temperatures of the literature data.
The global fluid phase behavior of carbon dioxide + methanol system is shown in Fig. 5 . The prediction of critical curve is compared with experimental data from literature. The SRK/HV model predicts the correct continuous shape of the vapor-liquid critical locus. The model yields an overestimation of critical pressure maximum (CPM) and, taking into account the deviations among different data sets, quite accurate results for the critical points in the P-T projection. The critical points are less accurate predicted in the P-X projections (Fig. 6) . The calculations with the SRK/HV-residual UNIQUAC parameters obtained from eqs (10) and (11) were made for all VLE available data in the literature (230-477.6 K). The corresponding average absolute deviations in bubble pressures (AADP, %) together with the average absolute deviations in vapor-phase compositions (AADY, %) are summarized in Table 3 . As can be seen, the parameters from eqs (10) and (11) lead to satisfactory predictions of VLE for the carbon dioxide + methanol systems. The most deviations in bubble pressure are less than 6%. Several higher deviations (> 10%) appear at temperatures near critical pressure maximum of critical curve (P-T projection) or for experimental data which seem to be unreliable [25, 26] . Also, the AADP (%) and AADY (%) are higher for literature data measured only in the critical region. Fig. 6 presents the comparison of some literature data with the model predicted results. 
